Objective: The present study characterizes patients with the mildest of mild traumatic brain injury (TBI), as defined by a Glasgow coma score (GCS) of 15. Methods: This is an IRB approved observational cohort study of adult patients who presented to the emergency department of a Level-1 trauma center, with the primary diagnosis of TBI and a GCS score of 15 on arrival. Data collected included demographic variables such as age, gender, race, mechanisms of injury, signs and symptoms including associated vomiting, seizures, loss of consciousness (LOC), alteration of consciousness (AOC), and posttraumatic amnesia (PTA).Pre-hospital GCS, Emergency Department (ED) GCS, and results of brain CT scans were also collected as well as patient centered outcomes including hospital or intensive care unit (ICU) admission, neurosurgical intervention, and in hospital death. Data were stored in REDCap (Research Electronic Data Capture), a secure, web-based application. Descriptive and inferential analysis was done using JMP 14.0 for the Mac. Results: Univariate predictors of hospital admission included LOC, AOC, and PTA, all p < 0.0001. Patients admitted to ICU were significantly more likely to be on an antiplatelet or anticoagulant (P < 0.0001), have experienced PTA (p = 0.0025), LOC (p < 0.0001), or have an abnormal brain CT (p < 0.0001). Patients who died in the hospital were significantly more likely to be on an antiplatelet or anticoagulant (P = 0.0005. All who died in the hospital had intracranial hemorrhage on ED head CT, despite having presented to the ED with GCS of 15. Patients were also significantly more likely to have had vomiting (p < 0.0001). Patients who underwent neurosurgical intervention were significantly more likely to be male (P = 0.0203), to be on an antiplatelet or anticoagulant (P = < 0.0001) likely to have suffered their TBI from a fall (P = 0.0349), and experienced vomiting afterwards (P = 0.0193). Conclusions: This study underscores: 1) the importance of neuroimaging in all patients with TBI, including those with a GCS 15. Fully 10% of our cohort was not imaged. Extrapolating, these would represent 2.5% bleeds, and 1.47% fractures.
Introduction
Traumatic brain injury (TBI) accounts for over 1 million US emergency department visits annually [1] , 275,000 civilian hospitalizations [2] and 21,000 military [3] injuries. Traumatic brain injury can have lasting consequences with neurocognitive deficits [4] [5] [6] [7] , post concussive symptoms [8] [9] [10] , and repeat return visits to the emergency department [11] .
Traumatic brain injury has traditionally been classified as mild, moderate and severe based on the Glasgow Coma Scale (GCS), a scoring system never intended to classify brain injury per se but rather level of consciousness. Developed originally in 1974 [12] then modified in 1976 [13] , the GCS consists of eye opening, motor, and verbal components, for a total of 15 points. A TBI consensus workgroup points out that while the GCS can be useful in the clinical management and prognosis of TBI, it "does not provide specific information about the pathophysiologic mechanisms which are responsible for the neurologic deficits and targeted by interventions [14] ."
Nonetheless, this score is still widely used today. While a GCS of 13 to 15 is considered mild traumatic brain injury (mTBI) per the American College of Rehabilitation Medicine [15] , studies have shown that an mTBI with GCS 13 is not the same as one with GCS 15 [16] . Indeed, even in patients who have a GCS of 15, the mTBI is not always benign. This study characterizes those patients with the mildest of mTBI, as defined by a GCS of 15, and describes the acute injury features, as well as clinical outcomes.
Methods
This study is derived from a subset of data from a previously published cohort study [17] which included adult patients who presented to the emergency department (ED) of a Level-1 trauma center, over an 18-month period with the primary complaint of TBI (ascertained using ICD-9 codes of 800-804.9, 850-854, and 959.01). For the current study, the patients had to have a GCS of 15 upon ED arrival, and the injury had to have occurred within 24 h prior to presentation. Demographic variables such as age, gender, past medical history, and medications were abstracted, in addition to the mechanism of injury, and associated signs and symptoms such as vomiting, seizures, loss of consciousness (LOC), alteration of consciousness (AOC), and post-traumatic amnesia (PTA). The patient was considered to have AOC if the neurologic exam revealed a decreased mental status, or if the patient reported feeling dazed or confused or having difficulty thinking. Varibales collected are summarized in the Table 6 in Appendix.
The prehospital and emergency department (ED) GCS were also recorded, as well as vital signs and computed tomography (CT) scan results. This study was approved by our Institutional Review Board. Data were stored in Research Electronic Data Capture (REDCap), a secure web-based application. Descriptive and inferential data analysis was done using JMP 14.0 for Mac.
Results
The cohort (n = 2211) was 57% male. The marital status was 61% single, 27% married, 7% divorced or separated, and 6% unknown. The median age was 37 years (IQR = 23-57), with a range of 18-101 years. Cohort demographics are summarized in Table 1 .
The most common symptomatology associated with a GCS of 15 was LOC followed by PTA and AOC. The most common mechanism of injury was fall at 48%, followed by motor vehicle collision at 34%, and assault or being struck in the head at 30%. The most common location of injury reported was on the road (39%), followed by inside a home (21%). The frequency of symptoms is summarized in Fig. 1 , and clinical outcomes are summarized in Fig. 2 .
More than half the cohort (55%) reported no alcohol in the 12 h preceding the head injury, while 17% admitted to drinking, and another 27% were "unknown". Alcohol levels were obtained in only 233 patients, or 10% of Thus, the majority of the patients had a prehospital GCS of 15. However, 3% had a prehospital GCS of 13, and 17% had a 14. A total of 838 patients were brought in by ambulance, while 86 were brought in by helicopter. More people brought in by helicopter (48%) vs ambulance (21%) had a prehospital GCS < 15 (P < 0.0001). Regardless, having a prehospital GCS < 15 was significantly associated with being admitted to the hospital (P < 0.001) and having an abnormal CT scan (P < 0.001).
A third of the cohort (30%) were admitted to the hospital, of which 192 (29%) were admitted to the Intensive Care Unit (ICU). Univariate predictors of hospital admission included LOC, AOC, and PTA, all p < 0.0001. In multivariate analysis, only LOC and PTA retained statistical significance. Having a lower prehospital GCS was also significantly associated with being admitted to the hospital (p < 0.0001, 95% CI -0.0677 to − 0.1523). However, none of the symptoms or prehospital GCS were significantly associated with ICU admission.
Compared to the general population, patients admitted to the ICU (Table 2) were significantly older, with a median age of 62 (IQR = 41-78). Patients admitted to the ICU were significantly more likely to be on an antiplatelet or anticoagulant agent (p < 0.0001, 95%CI -0.3153 to − 0.4047) with warfarin, aspirin and clopidogrel retaining independent statistical significance. Patients admitted to the ICU were also significantly more likely to have experienced PTA (p = 0.0025, 95% CI -0.0352 to − 0.1648), LOC (p < 0.0001, 95% CI -0.3282 to − 0.4318) or have an abnormal brain CT (p < 0.0001, 95% CI -0.6584 to − 0.7816).
Patients who died in the hospital (Table 3) were significantly more likely to be on an antiplatelet or anticoagulant agent: warfarin (P = 0.0051, 95% CI -0.042 to − 0.238), aspirin (p = 0.0005, 95% CI -0.1139 to − 0.4061), or clopidogrel (p < 0.0001, 95% CI -0.1214 to − 0.3186). All patients in the hospital death group had intracranial hemorrhage on ED head CT, despite having presented to the ED with a GCS of 15, and all but one patient also having a pre-hospital GCS of 15. Patients were also significantly more likely to have presented with vomiting (p < 0.0001, 95% CI -0.5514 to − 0.8286) and were older with a median age of 81, compared to the survivor cohort median age of 37.
Patients who underwent neurosurgical intervention (Table 4) were significantly more likely to be male (P = 0.0203), to be on an antiplatelet or anticoagulant agent: warfarin (P = < 0.0001), aspirin (P < 0.0001), or clopidogrel (P = .0003). They were also more likely to have suffered their TBI from a fall (P = 0.0349), and experienced vomiting afterwards (P = 0.0193). Fourteen patients had their anticoagulant status reversed. 11 received IV vitamin K, 7 received both IV vitamin K and fresh frozen plasma (FFP), 2 received FFP only, and 1 received SC vitamin K.
A total of 1996 or 90% of patients had a brain CT scan. Of these, 485 or 24% had a CT abnormality ( Table 5 ). The frequency of specific CT abnormalities is summarized in Fig. 3 . The most common CT lesions noted on CT were extra-calvarial soft tissue swelling (41%), parenchymal or hemorrhagic contusion (26%), subdural hematoma (25%), and subarachnoid hemorrhage (22%). Patients who had an abnormal CT scan were significantly more likely to be older, on an anticoagulant, and have suffered a fall as their TBI mechanism (all P < 0.001).
Discussion
In this observational study of emergency department presentations for patients with a GCS of 15 upon arrival, a number of findings emerge that suggest that the simple characterization of head injury by GCS score may not be sufficient.
The cohort is somewhat unique in the proportion of patients who received a brain CT as part of their evaluation. Indeed, there are several rules that specifically seek to limit the use of head CT for head injury, within certain parameters. The Canadian head CT [18] rule excludes people on blood thinners, and those who had a seizure after the head injury. Also, a number of high-risk criteria have been noted with the rule, including use of blood thinners, any suspicion of skull fracture, age > 65, and a change in GCS level. Medium risk criteria including a "dangerous mechanism" is also noted as a caveat. The New Orleans head CT criteria [19] actually targets only the GCS 15 head injury population, and "suggests patients with GCS 15 and head trauma are unlikely to need a head CT as long as they do not have headache, vomiting alcohol or drug intoxication, persistent anterograde amnesia, seizure, visible trauma above the clavicles."
Clearly, neither of these rules are optimal for the mild TBI cohort in this emergency department study. Studies published years after these rules concur, suggesting that "Patients with GCS 15 and risk factors or neurological symptoms should be evaluated with CT scan, [as] the outcome of mild TBI depends on the combination of preinjury, injury and postinjury factors" [20] . CT abnormalities are in fact not uncommon in mild TBI. A study of 2766 patients with mild TBI imaged in ED found that every sixth patient (16.1%) with mild TBI had an intracranial lesion [21] . The most common lesions were subdural hematomas, subarachnoid hemorrhages, and contusions. Similar to the current study, the authors noted that a lower Glasgow Coma Scale score, male sex, older age, falls, and chronic alcohol abuse were associated with higher risk of acute intracranial lesion in patients with mild TBI. These findings underscore the heterogeneity of neuropathology associated with the mild TBI classification. Even in cases of mTBI, patients sometimes require neurosurgical intervention (NSI), as noted in the current study. In their study of mTBI patients, Tierney et al. [22] also noted that 8.2% had some form of NSI performed (including placement of an intracranial pressure monitor and other measuring devices). The in-hospital death rate for the NSI group was 13%, significantly higher than general figures for mTBI ranging from 0.3-1.8%. The use of anticoagulants as well as age being over 60 predicted a bad neurological outcome.
ICU admission for mTBI, while seemingly counterintuitive, is not all that uncommon. A retrospective study of 595,171 mTBI patients in the National Trauma Data Bank found that 44.7% were admitted to an ICU, While 17.3% of these met the criteria for overtriage, as defined by: ICU stay ≤ 1 day; hospital stay ≤ 2 days; no intubation; no neurosurgery; and discharged to home [23] , that still leaves 27.4% of mTBI patients who were deemed appropriate for ICU admission. Interestingly, the study noted that a common "risk factor" for overtriage included isolated subarachnoid hemorrhage.
Conclusion
This study underscores: 1) the importance of considering neuroimaging in all patients with TBI, including those with a GCS 15. In the current study, a total of 10% of the cohort was not imaged. If the CT data is 
